Identifying dairy cattle experiencing heat stress and adopting appropriate mitigation strategies can improve welfare and profitability. However, little is known about how cattle use heat abatement resources (shade, sprayed water) on drylot dairies. It is also unclear how often we need to observe animals to measure high heat load, or the relevance of specific aspects of this response, particularly in terms of panting. Our objectives were to describe and determine sampling intervals to measure cattle use of heat abatement resources, respiration rate (RR) and panting characteristics (drooling, open mouth, protruding tongue), and to evaluate the relationship between the latter 2. High-producing cows were chosen from 4 drylots (8 cows/dairy, n = 32) and observed for at least 5.9 h (1000 to 1800 h, excluding milking) when air temperature, humidity, and the combined index averaged 33°C, 30%, and 79, respectively. Use of heat abatement resources was recorded continuously; RR and the presence and absence of each panting characteristic were recorded every 5 min. From the observed values, estimates using the specified subsampling intervals were calculated for heat abatement resource use (1, 5, 10, 15, 20, 30, 60, 90, and 120 min), and for RR and panting (10, 15, 20, 30, 60, 90, and 120 min). Estimates and observed values were compared using linear regression. Sampling intervals were considered accurate if they met 3 criteria: R 2 ≥ 0.9, intercept = 0, and slope = 1. The relationship between RR and each panting characteristic was analyzed using mixed models. Cows used shade (at corral or over feed bunk) and feed bunk area (where water was sprayed) for about 90 and 50% of the observed time, respectively, and used areas with no cooling for 2 min at a time, on average. Cows exhibited drooling (34 ± 4% of observations) more often than open mouth and protruding tongue (11 ± 3 and 8 ± 3% of observations, respectively). Respiration rate varied depending on the presence of panting (with vs. without drool present: 97 ± 3 vs. 74 ± 3 breaths/min; open vs. closed mouth: 104 ± 4 vs. 85 ± 4 breaths/min; protruding vs. nonprotruding tongue: 105 ± 5 vs. 91 ± 5 breaths/min). Accurate estimates were obtained when using sampling intervals ≤90 min for RR, ≤60 min for corral shade and sprayed water use, and ≤30 min for drooling. In a hot and dry climate, cows kept in drylots had higher RR when showing panting characteristics than when these were absent, and used shade extensively, avoiding areas with no cooling. In general, 30 min intervals were most efficient for measuring heat load responses.
INTRODUCTION
In the arid western United States, about 1.8 million cows are kept in drylots (open, dirt-based pens), comprising 30% of dairy farms (USDA, 2010) . Compared with other housing types, this system has several benefits, including lower capital costs (Stokes and Gamroth, 1999) , lower disease prevalence (e.g., lameness and mastitis), and better reproductive outcomes (USDA, 2010) . However, because drylots are found mainly in hot, dry regions such as California, exposure to heat load during the summer creates economic and ethical concerns relating to reduced milk production, infertility, and mortality (St-Pierre et al., 2003; von Keyserlingk et al., 2013) . Identifying dairy cattle experiencing high heat load and adopting appropriate mitigation strategies can lead to improvements in animal welfare and profitability.
To help their cattle cope with heat load, dairy producers commonly provide heat abatement resources such as drinking water, shade, fans, or sprayed water (USDA, 2010) . However, little is known about how cattle use such resources on commercial drylot operations. To assess the effectiveness of heat abatement resources, the behavioral and physiological strategies cattle use to reduce heat gain or to promote heat loss can be measured. Relatively short-term responses to hot weather include increased use of shade (Schütz et al., , 2009 (Schütz et al., , 2010 , sprayed water (Legrand et al., 2011; Chen et al., 2013) , and higher respiration rate, along with panting (Brown-Brandl et al., 2005; Gaughan et al., 8971 2008) . These responses provide a well-established set of variables to assess heat load, but aspects of their measurement require refinement.
Determining appropriate measurement strategies is essential for generating accurate estimates when assessing heat load. Although continuous observation quantifies a response accurately (Martin and Bateson, 2007) , many practical issues are associated with this sampling method. It can be time-consuming, labor-intensive, and highly reliant on technology (e.g., video cameras, data loggers), which is not always available for on-farm assessments. Alternatively, some measures can be sampled at fixed intervals over time without compromising the results obtained (Mitlöhner et al., 2001; Ledgerwood et al., 2010) , but it remains unclear how often we need to observe cattle to capture responses to heat load. Measurement of respiration rate, for example, varies in the literature from every 15 min over a 24-h period (Brown-Brandl et al., 2005) to once a week (Keister et al., 2002) . Variation across studies suggests an opportunity to identify appropriate sampling methods for such measures to improve the reliability and accuracy of the results.
Another methodological concern related to measures of heat load is the way they are described and recorded. Panting, for example, has been thought to be a more accessible tool (i.e., easier to measure than respiration rate, for example) for identifying cows that experience high heat load. This response has been recorded using a scoring system (Mader et al., 2006; Gaughan et al., 2008) , with characteristics to define panting intensity including drooling, whether the mouth is open or closed, whether the tongue is protruding or not, breathing rhythm, and posture. However, the biological meaning of these different characteristics and their relationship with respiration rate are not clearly understood. In addition, the subjectivity of description of some of these characteristics can contribute to poor reliability, and, possibly, low accuracy. Thus, our objectives were (1) to describe the use of heat abatement resources on commercial drylot operations, and (2) to refine the methodology used to assess heat load in dairy cows by determining accurate sampling intervals to measure respiration rate, panting, and use of heat abatement resources, and by evaluating the relationship between respiration rate and specific panting characteristics such as drooling, open mouth, and protruding tongue.
MATERIALS AND METHODS

Farms and Animals
All procedures involving animals were approved by the University of California, Davis, Institutional Animal Care and Use Committee. This study was carried out from July to August 2014 in 4 drylot dairies in the Central Valley of California (Tulare and Kings Counties). The 4 operations varied in terms of heat abatement strategies provided, milk production, and herd size (Table 1) . On each farm, 8 Holstein-Friesian cows were randomly selected from the high-producing group of cows (total n = 32). The selected cows were identified with numbered collars and tail spray paint. Individual and whole-group data for DIM, lactation number, and milk yield were obtained from computer records (Dairy Comp 305, Valley Agricultural Software, Tulare, CA) and are summarized in Table 1 .
Data Collection
Data were recorded from 1000 to 1800 h, excluding when cows were away from the home pen for milking, averaging 6.6 h of observation/cow (range = 5.9 to 7.7 h). This window was chosen to capture the warmest daily weather in this region. Each day, 2 cows were tracked individually by 2 observers from outside the pen (1 observer/cow). Observations lasted 4 d/dairy, for a total of 8 cows/operation, 32 in total. Binoculars (Powerview 7-15 × 25, Bushnell, Overland Park, KS) were used when necessary. Two observers recorded all the measurements taken.
Use of Heat Abatement Resources. The use of heat abatement resources was recorded continuously based on the location of each cow in the pen. The home pen was divided into 4 different locations: feed bunk (concrete-floored surface behind the area where feed was provided), water trough (2 cow body-lengths area around the water source), corral shelter (dirt-floored surface underneath the roof of the shelter or within the shadow it projected, when visible), and open area (any other dirt-floored area that did not correspond to any location described above). At the start of observation, a cow was recorded as using a location where she had the majority of her hooves (if hooves were evenly split across areas, then we recorded the location where she had her front hooves). When the cow changed her location, the starting time was recorded as the second when she placed the first (front) hoof in the next location. The use of heat abatement was defined based on the resources provided on each farm: shade overall (corral shelter or shaded feed bunk), corral shade (corral shelter), shade + sprayed water (shaded feed bunk), sprayed water (unshaded feed bunk), and water trough. Except for dairy 3, where shade was not provided at the feed bunk (thus, unshaded feed bunk), all other forms of heat abatement resources were found in all farms. None of the farms provided fans. For each loca- tion, interobserver reliability was calculated using the kappa coefficient (κ ≥ 0.93).
Physiological Measures. Respiration rate and panting characteristics were recorded every 5 min, within the first minute of the interval. Respiration rate was measured as time for 10 flank movements and converted to breaths per minute to facilitate comparisons with other studies. Immediately after respiration rate was taken, cows were observed for 10 s to identify the presence and absence of panting characteristics (unless they were feeding, drinking, or licking), using 1-0 sampling (Martin and Bateson, 2007) . At the time, 5 characteristics were recorded: drooling (saliva coming out of the cow's mouth when she was not ruminating), open mouth (space between the lips was visible when cow was not ruminating), closed mouth (space between the lips was not visible), protruding tongue (at least the tip of the tongue crossed the edge of the bottom lip) and tongue inside the mouth (tongue rested in the floor of the mouth). Except for drooling, we also determined whether panting was continuous or intermittent during the 10-s interval. Panting was considered intermittent when a cow showed both the presence (e.g., open mouth), and the absence (e.g., closed mouth) of that panting characteristic; panting was considered continuous when a cow showed only the presence of a determined sign of panting. Interobserver reliability was calculated using regression analysis for respiration rate (R 2 = 0.97; intercept = 0.0, P = 0.96; slope = 0.99, P = 0.71), and the kappa coefficient for each panting characteristic (κ ≥ 0.94).
Environmental Conditions. A portable weather station (WS-16; Novalynx Corp., Auburn, CA) was placed near the high-producing pen in all dairies. We recorded information on air temperature and black globe temperature (T and BGT, °C), wind speed (WS, m/s), relative humidity (RH, %), solar radiation (W/m 2 ), and precipitation (mm) every 5 min. We calculated additional measures of heat load, such as temperature-humidity index (THI) and heat load index (HLI) using the following equations as from Kelly and Bond (1971) , and Gaughan et al. (2008) 
Data Management and Statistical Analysis
All statistical procedures were done using SAS software (SAS Institute, 2009). We used descriptive analyses to characterize respiration rate, panting characteristics, and the total time, bout duration (including only bouts with a known beginning and ending time, excluding those interrupted by farm staff), and number of events where cows used each heat abatement resource. We also used a correlation analysis (PROC CORR) to evaluate the relationship between corral shade and feed bunk use in all farms (shade + sprayed water on 3 farms, and sprayed water only on 1 farm). 
Soakers sprayed water intermittently during the entire observation period; misters sprayed water continuously after 1400 h.
Sampling Intervals. For use of shade overall (n = 32), corral shade (n = 32), shade + sprayed water (n = 24), and water trough (n = 32), we extracted estimates for 9 sampling intervals (1, 5, 10, 15, 20, 30, 60, 90 , and 120 min) from continuous data using the EX-PAND procedure, selecting round minutes (hh:mm:00). Due to the small sample size (n = 8), we excluded the sprayed water only variable from data analysis. For each sampling interval, we calculated the total time each cow spent using each heat abatement resource by multiplying the total number of observations in each location by the sampling interval length. For respiration rate and the proportion of time cows exhibited each panting characteristic (n = 32), we used the values obtained every 5 min to estimate data collected using 7 sampling intervals (10, 15, 20, 30, 60, 90, and 120 min) . To compare the sampling estimates against the continuous or 5-min measurements, we used linear regression (PROC REG) to generate 3 parameters: the coefficient of determination (R 2 ) and whether the slope and intercept differed from 1 and 0, respectively. We adjusted P-values using a Bonferroni correction (PROC MULTTEST) to minimize family-wise error, reducing the likelihood of false-positive interactions.
Relationship Between Respiration Rate and Panting Characteristics. Initially, we used paired t-tests to compare the effects of 10 s intermittent versus continuous panting (both for open mouth and protruding tongue) on respiration rate. Next, we evaluated the relationship between respiration rate and the presence and absence of each panting characteristic (i.e., drooling versus no drooling, open mouth versus closed mouth, protruding tongue versus tongue inside the mouth) using mixed models (PROC MIXED), including only cows that were observed panting (drooling, n = 32; open mouth, n = 21; protruding tongue, n = 15) to minimize modeling assumptions. Each model used variance components as the covariance structure, with fixed effect for panting characteristic and random effects for presence of panting characteristic nested within cow. We estimated degrees of freedom using the containment method.
RESULTS
Weather
Weather conditions for 24 h and observation periods are summarized in Table 2 . Rainfall was 0 mm throughout the study.
Responses to Heat Load
Use of Heat Abatement Resources. Individual cow data for use of heat abatement resources are summarized in Figure 1 . All following ranges presented are for average values. On average, cows spent 5.9 ± 0.2 h/observation period (range = 3 to 7.7 h) under shade overall, across 7 ± 1 bouts (range = 1 to 22) of 54 ± 5 min each (range = 19 to 123 min). We observed similar bout lengths when cows were using the corral shade (54 ± 6 min/bout; range = 21 to 125 min), but cows visited this area less often (3 ± 0 visits; range = 1 to 8), resulting in less total use (3.2 ± 0.2 h/observation period; range = 0.02 to 5.5 h). On the 3 dairies with shade + sprayed water feed bunks, cows spent on average 3.6 ± 0.1 h/observation period using this area (range = 0.8 to 6.3 h), across 5 ± 1 visits (range = 1 to 19) of 49 ± 8 min each (range = 16 to 155 min). Although cows in the dairy with the unshaded feed bunk (sprayed water only) spent similar amounts of time during each visit (42 ± 15 min/bout; range = 6 to 125 min), their visits were less frequent (mean = 2 ± 0 visits; range = 1 to 4), resulting in less total use (1.9 ± 0.4 h/observation period; range = 0.4 to 3.8 h). The use of the corral shade and feed bunk areas (regardless of cooling strategies provided) were negatively correlated (r = −0.94, P ≤ 0.01, Figure 2 ). On average, cows spent 12 ± 3 min/ observation period around the water trough (range = 1 to 64 min), across 5 ± 1 bouts (range = 1 to 15) of 2.5 ± 0.3 min each (range = 1 to 8 min). For areas where cooling was not provided, cows spent about 10 ± 4 min/observation period in total (range = 1 to 107 min), across 5 ± 1 bouts (range = 1 to 15) of 2 ± 1 min each (range = 1 to 27 min). Respiration Rate and Panting. Respiration rate averaged 80 ± 4 breaths/min. For individual cows, the lowest and the highest rates averaged 42 ± 3 and 123 ± 4 breaths/min, respectively. Cows exhibited drooling (34 ± 4% of observations) more frequently than open mouth (11 ± 3% of observations) and protruding tongue (8 ± 3% of observations). Of the open mouth and protruding tongue events, 80% were accompanied by drooling. Respiration rate was not different when Figure 1 . Mean bout length (h/bout) and total time (h/5.9 to 7.7 h of observation) each cow used (a) shade overall (n = 32), (b) corral shade (n = 32), and (c) sprayed water in dairies that had shaded feed bunks (n = 24). The error bars represent the range for bout length (minimum and maximum), and the dotted line represents the overall average bout length. Cows are ordered by total time they spent using each location. 
Sampling Intervals
Coefficients of determination (R 2 ) decreased as sampling interval increased for all measurements taken (Table 3) . Sampling intervals met all 3 criteria when ≤90 min for respiration rate, ≤60 min for use of the corral shade and shade + sprayed water, ≤30 min for shade use overall and presence of drooling, and ≤5 min for water trough use. Above these intervals, either the slope or intercept were statistically different than 1 or 0, respectively, or R 2 was smaller than 0.9 (Table 3) . For open mouth and protruding tongue, R 2 ≥ 0.9 was achieved using sampling intervals ≤20 min. However, for these physiological measures, only the 15-min sampling estimates had slopes that were not different from 1 (Figure 4) . These results suggest that there was no clear pattern of a rigorous sampling interval for open mouth and protruding tongue.
DISCUSSION
This was the first study to describe cattle use of heat abatement resources on commercial drylot operations, as well as the first to test the accuracy of sampling intervals to measure responses to heat load in cattle. During the observation period, cows spent almost the entire time using any type of shade available in their pens (corral or feed bunk, when available), and the use of open areas with no cooling lasted, on average, 2 min at a time. Regardless of the heat abatement resources provided in the feed bunk area (shade + sprayed water or sprayed water only), cows used this area during half of the time they were observed. Intervals of 30 min were most efficient for measuring heat load responses, except for open mouth and protruding tongue (where determination of sampling intervals was inconclusive) and time around water trough (which represented a small amount of the cows' time budget during the observed period). When showing drooling, open mouth, or pro- truding tongue, cows had a higher respiration rate than when these panting characteristics were absent.
Use of Heat Abatement Resources
Cows spent 5.9 h (almost 90% of the observation period) using any type of shade available in their pens, across 7 visits, on average. When considering the use of the corral shade only, cows spent about 3.2 h (50% of the observation period) using this resource, on average, during 3 visits. Similar amounts of overall shade use have been described for steers housed in feedlots under experimental conditions (81 to 96% from 1000 to 1900 h; Brown-Brandl et al., 2005) . In contrast, the values reported for dairy cows kept on pasture in New Zealand farms were 3 times lower (Schütz et al., 2014) , perhaps because these cows did not often have access to feed under shade. Also, lower shade use (7 to 30% of the observed time) was found for grazing cattle in other experimental studies in New Zealand and Canada, where T ranged from 20 to 26.5°C (Widowski, 2001; Tucker et al., 2008; Schütz et al., 2009 ). In our study, cows produced more than 30 kg/d of milk and average T during the observation period was 33°C, which may, in part, explain the greater shade use we observed compared with studies in which cows produced less than 20 kg/d and temperatures were cooler (Tucker et al., 2008; Schütz et al., 2009 Schütz et al., , 2014 ). The differences in production level and weather can also explain the number of times the cows in the present study visited the corral shade. The number we found (3 visits) was similar to those reported for grazing dry cows given non-solid shade structures in southern Brazil that were observed for a longer period (12 h/d) during spring and fall seasons (18 to 23°C; Coimbra et al., 2012) .
To our knowledge, this was the first study reporting bout length for shade use in cattle, which averaged 54 min, regardless of whether cows were using the shade in the corral or feed bunk. Overall, individual bout length ranged from <1 min to 4.1 h, and this wide variation may be explained by cattle activity in shaded areas. Longer bouts in the shade may be related to activities such as lying, ruminating, and feeding. The approximate bout duration for corral shade use was similar to the lying bout length (65 min/event) recorded in California free stalls during spring (Ito et al., 2009 ) and feeding bouts (36 to 47 min/event) described in other studies (Tolkamp et al., 2000; De Vries et al., 2003b) . In contrast, short bouts in the shade may reflect transition periods when cows were moving within the pen.
On average, cows spent 2 min at the time in areas with no cooling resources, which may indicate reluctance to switch between heat abatement resources or to be directly exposed to the heat during this period of the day. Cows are highly motivated to use shade, especially when the weather is hot , and they also prefer feed bunks with spray (Chen et al., 2013) . This raises questions about the welfare implications of not providing heat abatement strategies, particularly feed bunks, in drylot systems.
In this study, the total time spent at the feed bunks where shade + sprayed water was provided was 20% higher than shown by Chen et al. (2013) , when average daily T were 3.4°C cooler, but bout length was similar to values described in other studies (42 to 49 min vs. 36 to 47 min; Tolkamp et al., 2000; DeVries et al., 2003b) . Our total time results may have been higher than others because we observed cows around feeding and post-milking times, when they were more likely to eat (DeVries et al., 2003a (DeVries et al., , 2005 . In addition, our observations were conducted during the warmest part of the day (T was, on average, 5°C higher during this period vs. 24 h periods), when cows were also more likely to use this area to benefit from the sprayed water Relationships for which the regression analysis R 2 ≥0.9, slope = 1 and intercept = 0 are indicated in bold.
2 Sample size for all measures was n = 32, except for shade + sprayed water, where n = 24 cows. (Chen et al., 2013) . The upper range of time spent at the feed bunk (regardless of heat abatement resources provided) was higher than the longest meals reported in another study conducted during the fall in Canada (DeVries et al., 2003b) , supporting the idea that cows use this area also for cooling (Chen et al., 2013) . The inverse relationship we found between corral shade use and feed bunk use (regardless of heat abatement strategies provided) may indicate that cows trade off when choosing to use one area or the other. A variety of factors may influence cows' decisions about which area to use. Weather Chen et al., 2013) , heat abatement strategies provided (Schütz et al., 2009 , flooring (Telezhenko et al., 2007) , and feeding times (DeVries et al., 2003a (DeVries et al., , 2005 likely affect cattle choices regarding which area they prefer to use. Time spent at the water trough accounted for 3% of observations across 5 visits, on average, which is at the lower end of the range found in other studies (average T ranged from 23 to 32.6°C) that measured use of this area (range: 1 to 20% of observations; Widowski, 2001; Schütz et al., 2010; Legrand et al., 2011) . The number of visits was similar to drinking behavior recorded over 24 h periods in mild weather conditions (range: 3.5 to 8 visits, T averaged from 2 to 16°C; Andersson, 1987; Jago et al., 2005; Cardot et al., 2008) . The duration of each visit was also similar to those found in a study conducted on grazing cows in a smaller radius (approximately 2 m around the trough; Jago et al., 2005) but longer than drinking bouts (0.7 vs. 2.5 min/event) described by Dado and Allen (1993) . Cows use the area around the water trough in response to heat load (Widowski, 2001; Schütz et al., 2010; Legrand et al., 2011) , but the mechanism (e.g., a cooler microclimate or consuming water) remains unclear.
Respiration Rate and Panting
Respiration rate averaged 80 breaths/min, and was similar to that described during the summer in other open lots in the western United States where cows had access to shade, sprayed water, or a combination of these (Keister et al., 2002; Marcillac-Embertson et al., 2009) , but were at least 15 breaths/min higher than grazing cows on New Zealand farms (Schütz et al., 2014) . Drooling was the most common panting sign observed (34% of observations), whereas open mouth and protruding tongue were recorded in 11% and 8% of observations, respectively. Panting characteristics were unusual during summer in pastured New Zealand cows (average T during data collection: 23°C), which exhibited lower respiration rates as well (Schütz et al., 2014) . We observed slightly more open mouth than in feedlot cattle housed in unshaded pens during summer in Australia, which showed drooling, open mouth, and protruding tongue frequencies of 34, 9, and 3%, respectively (Gaughan and Mader, 2014) .
Respiration rates were similar whether cows exhibited 10 s intermittent or continuous open mouth or protruding tongue. This result disagreed with Gaughan and Mader (2014) , who found that respiration rate was higher for steers breathing with "occasional open mouth" (i.e., intermittent; score 2.5) than "open mouth" (score 3). However, attributing the score 2.5 or 3 may depend on the length of observation for that particular feature, which was not specified in their methodology. In addition, they described panting score 2.5 as "fast panting," whereas scores 3 and 3.5 as "rapid panting," a difference that may be difficult to score consistently. Finally, rapid, shallow breath patterns may have a different biological meaning than deep, longer ones, but to date this has not been quantified or investigated, to our knowledge.
Respiration rate was higher when cows exhibited any panting characteristic (drooling, open mouth, and protruding tongue) than when they were not showing any of these signs. Similarly, respiration rates of beef steers averaged at least 96 breaths/min when they showed panting characteristics, and were relatively lower (≤53 breaths/min) in their absence (Gaughan and Mader, 2014) . In other studies where these panting characteristics were rarely recorded, respiration rates were relatively lower (mean respiration rate: 65 and 50 breaths/ min, respectively; Schütz et al., 2010; Legrand et al., 2011) than in this work and used either dry (average T during data collection: 32.6°C; Legrand et al., 2011) or low-producing cows (average T during data collection: 23°C; Schütz et al., 2011) . Further study is needed to understand the biological relevance of each panting characteristic in terms of heat loss. For example, in dogs, exposing the tongue seems to encourage heat loss through convection (Krönert and Pleschka, 1976; Pleschka et al., 1979) , but little is known about this mechanism in cattle. Furthermore, it is unclear whether drooling is directly associated with cooling, or is an artifact of cows opening their mouths; we found 80% of the open mouth and protruding tongue events were accompanied by drooling.
Sampling Intervals
This is the first study to validate sampling intervals to assess the use of heat abatement resources by dairy cattle, their respiration rate, and panting characteristics. Across studies, the use of heat abatement resources has been measured using sampling intervals that vary from 10 (Coimbra et al., 2012; Parola et al., 2012) to 120 (Sullivan et al., 2011) and 240 min (Mader et al., 8979 2007 ) for shade and sprayed water. In this study, we found that use of resources such as corral shade and shade + sprayed water could be measured accurately using intervals up to 60 min, which is similar to the duration of the visits in these areas (54 and 49 min, respectively). In contrast, for resources where cows spent little time, such as the water trough, the use of sampling intervals >5 min did not accurately reflect continuous observations. This was likely because cows did not visit this resource very often (5 visits on average) and the average visit duration (2.5 min) was at the lower end of the sampling intervals we tested, increasing the probability of missing an entire bout.
Respiration rate was accurately estimated using sampling intervals ≤90 min. Relative to cattle use of heat abatement resources, longer sampling intervals accurately reflected respiration rate. Respiration rate can be affected by the weather (Brown-Brandl et al., 2005; Schütz et al., 2008; Parola et al., 2012) , the quantity and type of heat abatement resources provided (Kendall et al., 2007; Schütz et al., 2010; Chen et al., 2015) , and cattle preference to use different areas in the pen. All of these features are likely to be relatively stable over 90 min.
Accurate estimates of drooling were obtained when using sampling intervals ≤30 min. One study sampled panting within this range (Schütz et al., 2014) , but others measured every hour (Legrand et al., 2011) or twice a day . We were unable to determine accurate sampling intervals for open mouth and protruding tongue, perhaps because we observed these panting characteristics infrequently. Another aspect that may affect the choice of sampling intervals is the cyclicity of the response. For example, if cows alternate open mouth and protruding tongue with normal breathing in a regular pace, it could be possible that even short intervals (i.e., <5 min) would not accurately capture such characteristics. Further work is required to evaluate whether panting follows a biological rhythm.
CONCLUSIONS
This is the first study to describe cattle use of heat abatement resources on commercial drylot dairies and to validate the use of sampling intervals to measure responses to heat load in cattle. Under hot and dry environmental conditions, cows kept in this housing system had higher respiration rate when panting (i.e., drooling, open mouth, or protruding tongue) compared with when these panting signs were not observed. Cows used heat abatement resources extensively, avoiding areas with no cooling throughout the warmest part of the day. In general, 30 min intervals were most efficient for measuring heat load responses in drylot cattle.
